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Exploration # Science

Exploration is going into the unknown,
probing the frontier, looking over
the next hill.

It has structure, but is not directed

Discoveries sometimes build on each
other, sometimes are isolated

Science is the process by which we
explain nature

It has a well-defined, directed
structure (observation, hypothesis,
experiment, verification)

Scientific knowledge is cumulative
and self-correcting

Both are dynamic, not static. Science
always follows exploration

Exploration precedes and enables science

*Borrowed from Spudis “Why the Moon”




Exploration is broader and
richer than science

Security and asset protection
Wealth creation

Settlement and infrastructure

development
Exploration enabl/es science

Access to remote locales and |
exotic environments

Exploratory infrastructure
permits scientific investigation




Why Human Spaceflight?

The ratio‘ﬁa\iﬂ@ension

People bring unique capabilities to space
exploration
Conduct field science, requiring intense
interaction of human with environment 2=
Repair and maintain complex equipment 5;*’ i :
and installations e e

o

Machines do not and will not possess
intelligence of necessary magnitude to
explore the solar system

Robots are good for remote, hostile
environments to provide first-order
reconnaissance

Robots can be designed to answer focused
guestions (hypothesis testing) or make
precision measurements
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But: We don’t always know ahead of time what
measurements are significant and which are irrelevant

*Borrowed from Spudis “Why the Moon”
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Why Human Spaceflight?

The emoti:;ﬁ‘ai\dimension

Inspiration \\\ o, U

People in space are our surrogates; vicarious
exploration

Cathedral building; scale is too big for one
generation

A human window onto the universe
Drama

Marked upsurge of public interest during crises
(e.g., Apollo 13)
Emotion and curiosity (about past and future) =
A modern gladiatorial contest, without the gore
Spectacle
A reincarnation of our pioneer/frontier origins

Encourages a communal perspective i
Belief in something bigger than ourselves &—/

*Borrowed from Spudis “Why the Moon”

B e o
- - - g, T
'j ‘:l - ._I_.. _J _|,._-I. -
L}










These boots were most
likely those worn by
James Mann Wordie
during Shackleton's
expedition.

Wordie was a geologist
aboard Endurance.

*Borrowed from Wayne Hale’s “Why the Moon?”






In fact, if it wasn’t for the science

done on these expeditions, we may
never have known about...

*Borrowed from Wayne Hale’s “Why the Moon?”




the hole in our ozone

Latest size: 8.5 million square miles

Record size (pictured here): 10.03 million square miles
*Borrowed from Wayne Hale’s “Why the Moon?”




Which prompted this...

*Borrowed from Wayne Hale’s “Why the Moon?”
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*Borrowed from Wayne Hale’s ‘Wi 't;he Moon?”
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Hubble Servicing Mission — The Partnership In Work "'Qf‘ﬁ
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Building on a Foundation of Proven Technologies
2m- = Launch Vehicle Comparisons -
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Space Shuttle

Height: 56.1 m (184.2 ft)
Gross Liftoff Mass:
2,041.1 mT (4,500.0K Ibm)
Payload Capability:
25.0 mT (55.1K Ibm) to

Low Earth Orbit (LEO)
DAC2TR 6
LV 51.00.48

National Aeronautics and Space Administration

Upper Stage

(1.J-2X)
137.0mT
(302K Ibm)
LOX/LH,

5-Segment
Reusable

Booster
(RSRB)
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Ares |

Height: 99.1 m (325 ft)
Gross Liftoff Mass:
927.1 mT (2,044.0K Ibm)
Payload Capability:
25.5 mT (56.2K Ibm)
to LEO

Crew
Lunar

Earth Departure Lander

Stage (EDS) (1 J-2X)

253.0 mT (557.7K Ibm)

LOX/LH, S-IVB
(1 J-2 engine)
108.9 mT
(240.0K
LOX/LH,

I S-lI
(5 J-2 engines)
Core Stage 453.6 mT
(6 RS-68 Engines) (1,000.0K Ibm)

Solid Rocket 1,587.3 mT ‘ LOX/LH,

(3,499.5K Ibm)
LOX/LH, S-IC
(5 F-1)
2 5.5-Segment 1,769.0 mT
RSRBs ! (3,900.0K Ibm)
LOX/RP-1
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Saturn V

Height: 116.2 m (381.1 ft) Height: 110.9 m (364 ft)
Gross Liftoff Mass: Gross Liftoff Mass:

3,704.5 mT (8,167.1K Ibm) Z%‘;*;-I“; ;ndT égfggi*ﬁt';m)
Payload Capability: 44.9 mT (99K kbm) to TLI
71.1 mT (156.7K Ibm) to TLI (with Ares 1) 118.8 mT (262K Ibm) to LEO
62.8 mT (138.5K Ibm) to Direct TLI '
~187.7 mT (413.8K Ibm) to LEO
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{fast motion video)




New Vistas, New Perspectives . . .







